I. INTRODUCTION
The three-phase induction machine may results in voltage dips, oscillatory torque and harmonics in the power system during starting period and other severe operations [1] . The estimation of induction motor performance traditionally based on constant parameter models has yielded good engineering results [2] . However it has been observed that some of the machine parameters may not be treated as constant due to saturation in magnetic circuit. Further, it is observed that highly saturated conditions may affect the static and dynamic performance of induction motor drives [3, 4] . For simulation study, different nonlinear models for saturated induction motors have been elaborated based on the equivalent electric circuit approach [5] . An analytical technique [6] has been suggested for predetermination of true saturation characteristic of transformers and reactors from the manufacturer data giving the conventional rms saturation characteristic. The method has some advantages over that suggested by [7] . [8] proposed a new model, in which saturation effects has been incorporated in the magnetizing inductance and the stator mutual inductances. A commercial software package, MATLAB, is used to simulate the dynamic behavior of induction machines with saturable inductances.
The computer results presented in [9] show the errors involved when the magnetizing, stator, and rotor leakage inductances are assumed constant as in the case of conventional machine model.
The approximate steady state analysis of braking performance of three phase induction motor was given in literature [10, 11] . [11] has also attempted to identify the transient patterns of torque and currents during plugging, but computed results were not supported by any standard mathematical model. The approach is found to be too approximate to provide proper correlation with experimental results. For transient analysis of three phase induction motor involving asymmetry and/or nonlinearity, the method of instantaneous symmetrical components along with operational equivalent circuits is given in [12] [13] [14] [15] . Some of the researchers adopted the finite element modeling for transient study of such machines [16] [17] [18] [19] . Same model i.e. finite element model may be adopted for transient study of these machines in plugging mode [20] .
Therefore, in order to investigate effect of saturation during motoring and plugging mode in induction machine, the d, q axis model has been found to be well tested and proven to be reliable and accurate. [21, 22] also used the d-q axis based conventional model to investigate the transient behavior of three phase induction machine. [23] [24] [25] describes the basic concept of transient modeling of the machine. Matlab / Simulink is found to be very useful tool for modeling electrical machine and it may be used to predict the dynamic behavior of the machines. In this paper Matlab / Simulink based new model is proposed to study the dynamic behaviour of three phase induction machine during motoring and as well as in plugging operation.
II. MATHEMATICAL MODELING
Stationary reference frame model may be adopted to investigate the transient performance of a three-phase induction machine in motoring [25] and plugging. The applied voltages during motoring are:
(1) And, during plugging operation stator voltages are: (2) According to qdo modeling 
The voltage balance equation for the q, d coils in stationary reference frame is as follows (Krishnan, 2007) :
Where   V and   And, impedance matrices (4x4), 
Incorporation of instantaneous value based saturation curve
The non-linear relation between magnetizing reactance, " X m " and magnetizing current, " I m " of two machines (Appendix-I),using conventional modeling may be represented as; X m = -1. The above modified relationships may be adopted to account the saturation effect during the transient study of a three-phase induction machine.
The magnetizing current, m i is defined as: 
Where inertia constant "H", is defined as the ratio of the kinetic energy at base speed to the rated power and T damp , is damping torque. Simulated results as obtained using proposed model are close to experimental results. This proves the effectiveness of proposed modeling in contrast to conventional modeling and hence the same may be used to investigate the transient performance of induction machines. ii.
III. RESULTS AND DISCUSSIONS
Inrush current drawn from the supply system becomes even greater than motoring mode during the change of operation from motoring to plugging mode. This necessitates a strong need to control this current during change over period. iii.
For the same machines settling time for plugging operation is found to be more as compared to its operation in motoring mode. i. The rotor speed overshoots and the torque speed curve shows decayed oscillations about the final operating point during motoring and plugging mode (refer figure7). ii. Figure 8 shows the effects of an increase in moment of inertia. It is found that transients appear initially during motoring and plugging, the rotor speed is highly damped and the final operating point is attained without oscillations. The large transient mechanical stresses on the motor shaft can be seen very high during plugging mode instead of motoring mode. iii.
Another noticeable point, in the torque speed characteristics incorporating conventional and proposed model, is that the simulated value of torque during changeover process is more with conventional model i.e. with conventional saturation curve. Modeling as given below may be used to convert conventional saturation curve into modified saturation curve. For a sinusoidal input voltage of frequency, ω, the corresponding flux linkage is given by
Instantaneous value of current is obtained as
Where; K j is the inverse of slope of line joining two points j & (j-1) on the curve and "n" is total number of points on the curve under consideration & in this paper its value is fifteen. Appendix-II 
